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(57) ABSTRACT 

A method for producing process equipment having a Wear 
surface having extended resistance to one or more of abra 

sion, erosion, or corrosion, associated With materials pro 
cessed by said process equipment includes applying to said 
process. equipment Wear surface a metal matrix coating 
?lled With superabrasive particles. Diamond and cubic 
boron nitride superabrasive particles can ?ll the metal 
matrix, Which can be a nickel coating. 
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FIBER AND SHEET EQUIPMENT WEAR 
SURFACES OF EXTENDED RESISTANCE AND 
METHODS FOR THEIR MANUFACTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of priority to pro 
visional application 60/445,614, ?led on Feb. 14, 2003. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to ?ber and sheet 
process equipment that handle/process continuous ?ber and 
sheet materials that may be ?lled With a second solid phase. 
The action of such ?bers and sheets presents process Wear 
surfaces With accelerated abrasion, corrosion, and/or ero 
sion, to Which the present invention provides improved 
resistance. 

[0003] A variety of process equipment has Wear surfaces 
that are subjected to accelerated abrasion, corrosion, and/or 
erosion including, for example, a Web or thread of paper, 
fabric, plastic, glass, or the like ?ber. Such ?bers and sheets 
impinge upon the process equipment Wear surface and cause 
accelerated abrasion, corrosion, and/or erosion. 

[0004] While af?xing or applying a Wear-hardening layer 
to the process equipment Wear surfaces, such as, for 
example, a liner, or manufacturing Wear surfaces from more 
rugged material addresses the accelerated abrasion, corro 
sion, and/or erosion to some extent, the artisan is readily 
aWare that much more is needed for a variety of applications 
for a Wide variety of process equipment. 

[0005] Heretofore, a variety of hard surface coatings have 
been proposed. US. Pat. No. 5,891,523 proposes a pre-heat 
treatment of a metal combing roll prior to an electroless Ni 
coating With diamond and US. Pat. No. 4,358,923 propose 
electroless coatings of metal alloy and particulates that 
include polycrystalline diamond. Molding dies have been 
hard faced With electroless coatings of NiiP and NiPiSiC 
(Handbook of Hardcoatings. Bunshah, R. F. Editor, Noyes 
Publishing, 2001). It also has been proposed to co-deposit 
other solid particles Within electroless NiiP coatings, 
including SiC, B4C, A1203, diamond, PTFE, MoS2, and 
graphite (Apachitei, et al., “Electroless NiiP Composite 
Coatings: The Effect of Heat Treatment on the Microhard 
ness of Substrate and Coating”, Scripts Materials, Vol. 38, 
No. 9, pp. 1347-1353, Elsevier Sciences, Ltd. 1958). Addi 
tional NiiP Wear coatings are discussed by BoZZini, et al., 
“Relationships among crystallographic structure, mechani 
cal properties and tribiological behavior of electroless NiiP 
(9%)/B4C ?lms”, Wear, 225-229 (1999) 806-813; Wang, et 
al., “Scuf?ng and Wear behavior of aluminum piston skirt 
coatings against aluminum cylinder bore”, Wear, 225-229 
(1999) 1100-1108; Hamid, et al., “Development of electro 
less nickel-phosphorous composite deposits for Wear resis 
tance of 6061 aluminum alloy”, Material Letters, 57 (2002) 
720-726; Palumbo, et al., “Electrodeposited Nanocrystalline 
Coatings for Hard-Facing Applications”, AESF SUR/FIN® 
Proceedings, 686, 2002 Proceedings; Mallory, et al., “Com 
posite Electroless Plating”, Chapter 11, Electroless Plating: 
Fundamentals and Applications, American Electroplaters 
and Surface Finishers Society (1990); and Feldstein, et al., 
“Composite Electroless Nickel Coatings for the Gear Indus 
try”, Gear Technology, The Journal of Gear Manufacturing, 
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1997. A general statement on the principal of electroless 
nickel plating is given in Wear in Plastics and Processing, 
Chapter 2. Metals and Wear Resistant Hardfacings; 171 
(1990). 

BRIEF SUMMARY OF THE INVENTION 

[0006] One aspect of the invention is a method for pro 
ducing process equipment, Which has a Wear surface having 
extended resistance to one or more of abrasion, erosion, or 
corrosion associated With ?lled materials processed by the 
process equipment. Such extended resistance is achieved by 
forming the process equipment Wear surface to bear a metal 
matrix composite ?lled With abrasive particles. Another 
aspect of the present invention is process equipment having 
a Wear surface having extended resistance to one or more of 

abrasion, erosion, or corrosion associated With ?lled mate 
rials processed by said process equipment, Wherein the 
equipment Wear surface bears a metal matrix composite 
?lled With abrasive particles. 

[0007] A variety of process equipment Will be described 
beloW, Which equipment Wear surfaces exhibit extended 
resistance to abrasion, erosion, or corrosion associated With 
?lled materials processed by the process equipment. The 
invention Will be exempli?ed by plating Wear surface parts 
With a superabrasive composite. It should be understood, 
hoWever, that additional processes for associating the ?lled 
composite can be practiced, as the skilled artisan is readily 
aWare. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] For a fuller understanding of the nature and advan 
tages of the present invention, reference should be had to the 
folloWing detailed description taken in connection With the 
accompanying draWings, in Which: 

[0009] FIG. 1 is a plan vieW of a conventional glass ?ber 
collection comb; 

[0010] FIG. 2 is one embodiment of a conventional rotary 
traversing system for facilitating drying and high speed 
unWinding of glass strands; and 

[0011] FIG. 3 graphically displays the results recorded in 
the Example for sliding Wear data of various steels on a 
comparative NiiP coating and the inventive metal matrix 
composite coating. 
[0012] The draWings Will be described in further detail 
beloW. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] For the sake of clarity of understanding, the fol 
loWing terms are de?ned beloW (the singular includes the 
plural and vice versa): 

[0014] “?ller” means a solid or solid-like particle (often 
?nely-divided, such as, for example, particulates, 
?akes, Whiskers, ?bers, and the like) that, When in a 
relative movement situation With a Wear surface, also 
can cause accelerated abrasion, corrosion, and/or ero 
sion and Which comprises one or more of a ceramic, 
glass, mineral, cermet, metal, organic material (e.g., a 
plastic), cementitious material, cellulosic, or biomass 
(i.e., materials or secretions from a once-living organ 
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ism, including, inter alia, bacteria, mollusk shells, virus 
particles, cell Walls, nut shells, bones, bagasse, ice 
crystals, and the like). Fillers also may be Wanted 
(added, formed in situ, or the like) or may be unWanted 
(by-product, contaminant, or the like). 

[0015] “?lled” means that the continuous ?ber or sheet 
retains a ?ller in a different phase from the continuous 
?ber or sheet, including, inter alia, particulates, ?akes, 
Whiskers, ?bers, and the like. 

[0016] “?oWable” means that the continuous ?ber or 
sheet moves spatially relative to the process equipment 
Wear surface, Whether by movement of the Wear sur 
face, movement of the material, or movement of both; 
and includes relative movement by the movement of 
the continuous ?ber or sheet, movement by gravity, 
movement by positive/negative pressure, and the like; 
Whether such movement is intended or not. 

[0017] “process equipment” means equipment that 
handles continuous ?bers and sheets (?lled and 
un?lled), Whether by simple movement or by perform 
ing a chemical/mechanical/electrical operation on the 
material, and includes components of the process 
equipment that may have an intended or unintended 
Wear surface. 

[0018] “superabrasive particle” means monocrystalline 
diamond (both natural and synthetic) and cBN. 

[0019] “metal matrix composite” means a metal that 
bears a superabrasive particle. 

[0020] “Wear surface” means a surface of the process 
equipment (or a component thereof that has an intended 
or unintended Wear surface) that is subject to abrasion, 
corrosion, and/or erosion by the action of the continu 
ous ?ber or sheet. 

[0021] A Wide variety of process equipment handles con 
tinuous ?ber and sheet and has one or more Wear surfaces 

that are subject to abrasion, corrosion, and/or erosion by 
moving action impinging on a Wear surface. Such Wear 
surfaces can be coated With a metal matrix composite and 
exhibit extended resistance to the deleterious action of the 
?ller contacting such Wear surfaces during movement of the 
?ller. 

Superabrasive Particles 

[0022] Superabrasive or superhard materials in general 
refer to diamond, cubic boron nitride (cBN), and other 
materials having a Vickers hardness of greater than about 
3200 kg/mm2 and often are encountered as poWders that 
range in siZe from about 1000 microns (equivalent to about 
20 mesh) to less than about 0.1 micron. Industrial diamond 
can be obtained from natural sources or manufactured using 
a number of technologies including, for example, high 
pressure/high temperature (HP/HT), chemical vapor depo 
sition (CVD), or shock detonation methods. CBN only is 
available as a manufactured material and usually is made 
using HP/HT methods. 

[0023] Superabrasive (sometimes referred to as “ultra 
hard abrasive” materials) are highly inert and Wear resistant. 
These superabrasive materials offer signi?cantly improved 
combined Wear (abrasion and erosion) and corrosion resis 
tance When used as Wear surface of forming tools. 
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[0024] In one embodiment, optional abrasive materials 
may be added to the superabrasive materials. Those abrasive 
materials can be ?ne solid particles being one or more of the 
boron-carbon-nitrogen-silicon family of alloys or com 
pounds, such as, for example, hBN (hexagonal boron 
nitride), SiC, Si3N4, WC, TiC, CrC, B4C, A1203. The 
average siZe of the abrasive materials (superabrasives as 
Well as optional materials, sometimes referred to as “grit”) 
selected is determined by a variety of factors, including, for 
example, the type of superabrasive/ abrasive used, the type of 
the process equipment, the type of ?lled materials handled, 
and like factors. 

[0025] In one embodiment of the invention, the volume 
percent of the superabrasive or abrasive particles that com 
prises the composite coating can range from about 5 volume 
percent (vol-%) to about 80 vol-%. The remaining volume of 
the coating in the composite consists of a metallic matrix 
that binds or holds the particles in place plus any additives. 

[0026] In another embodiment of the invention, the par 
ticle siZe ranges for the abrasive materials in the composite 
are about 0.1 to up to about 6 mm in siZe (average particle 
siZe). In a further embodiment, the particle siZe ranges from 
about 0.1 to about 50 microns. In a yet further embodiment, 
the particle siZe ranges from about 0.5 to about 10 microns. 

Depositing Coating(s) of Metal/Diamond (or cBN) 

[0027] In one embodiment of the invention, a process for 
conventional electroplating of abrasives is used to deposit at 
least a coating of the superabrasive composites comprising 
diamond and/or cBN onto the Wear surface(s) of the process 
equipment. The superabrasive composites are af?xed to the 
Wear surface(s) by at least one metal coating using metal 
electrodeposition techniques knoWn in the art. 

[0028] In one embodiment of the electroplating process, 
metal is deposited onto the process equipment Wear surface 
until a desired thickness is achieved. The metal coating(s) 
have a combined thickness ranging from about 0.5 to about 
1000 microns, and in one embodiment about 10% to about 
30% of the height (i.e., diameter or thickness) of one 
abrasive particle in the superabrasive composites. 

[0029] The metal material for the electrode or the opposite 
electrode to be composite electroplated is selected from 
shaped materials of one or more of nickel, nickel alloys, 
silver, silver alloys, tungsten, tungsten alloys, iron, iron 
alloys, aluminum, aluminum alloys, titanium, titanium 
alloys, copper, copper alloys, chromium, chromium alloys, 
tin, tin alloys, cobalt, cobalt alloys, Zinc, Zinc alloys, or any 
of the transition metals and their alloys. In one embodiment, 
the metal ions contained in the composite electroplating 
liquid are ions of one or more of nickel, chromium, cobalt, 
copper, iron, Zinc, tin, or tungsten. The metal ions form a 
metal matrix of a single metal or an alloy or an, for example, 
oxide, phosphide, boride, silicide, or other combined form of 
the metal. When Ni is the metal matrix of choice, for 
example, Ni can be in the form of nickel-phosphorus (Nii 
P) having a P content of less than about 5% by Weight in one 
embodiment and less than about 3 Wt-% in another embodi 
ment. 

[0030] The superabrasive particles of the present inven 
tion, i.e., diamond or cubic boron nitride, and optional 
abrasive materials, are introduced into the plating bath for 
deposition onto the plated metal. The amount of superabra 



US 2006/0246275 A1 

sive particles in the plating bath mixture can range from 
about 5% to about 30% by volume. 

[0031] In another embodiment of the invention, an elec 
troless metal plating process is used to place the superabra 
sive coating onto the process equipment Wear surface. This 
process is sloWer than that of the electroplating process; 
hoWever, it alloWs for the plating of the superabrasive 
coating of the present invention onto process equipment 
Wear surface With intricate surfaces, e.g., deep holes and 
vias. Electroless (autocatalytic) coating processes are gen 
erally knoWn in the art, and are as disclosed, inter alia, in 
US. Pat. No. 5,145,517, the disclosure ofWhich is expressly 
incorporated herein by reference. 

[0032] In one embodiment of an electroless metal process, 
the process equipment Wear surface is in contact With or 
submerged in a stable electroless metalliZing bath compris 
ing a metal salt, an electroless reducing agent, a complexing 
agent, an electroless plating stabiliZer of a non-ionic com 
pound along With one or more of an anionic, cationic, or 
amphoteric compound, and quantity of the superabrasive 
particulates, Which are essentially insoluble or sparingly 
soluble in the metalliZing bath, and optionally a particulate 
matter stabiliZer (PMS). 

[0033] The superabrasives or grit are maintained in sus 
pension in the metalliZing bath during the metalliZing of the 
process equipment Wear surface for a time sufficient to 
produce a metallic coating of the desired thickness With the 
superabrasive materials dispersed therein. 

[0034] In one example of a metalliZing bath, in addition to 
the diamond or cBN, a Wide variety of distinct matter can be 
added to the bath, such as, for example, ceramics, glass, 
talcum, plastics, graphites, oxides, silicides, carbonates, 
carbides, sul?des, phosphates, borides, silicates, oxylates, 
nitrides, ?uorides of various metals, as Well as metal or 
alloys of, for example, one or more of boron, tantalum, 
stainless steel, chromium, molybdenum, vanadium, Zirco 
nium, titanium, and tungsten. Along With the superabrasive 
materials, the particulate matter is suspended Within the 
electroless plating bath during the deposition process and the 
particles are co-d posited Within the metallic or alloy matrix 
onto the surface of the forming tools. 

[0035] In one embodiment of the invention, prior to the 
plating process, the process equipment Wear surface to be 
metalliZed/coated is subjected to a general pretreated (e.g., 
cleaning, strike, etc.) prior to the actual deposition step. In 
another embodiment, in addition to the actual plating (depo 
sition), there is an additional heat treatment step after the 
metalliZation of the Wear surface (substrate) of the forming 
tool. Such heat treatment beloW about 4000 C. provides 
several advantages, including, for example, improved adhe 
sion of the metal coating to the substrate, a better cohesion 
of matrix and particles, as Well as the precipitation hardening 
of the matrix. 

[0036] In yet another embodiment of the invention and 
depending on the end-use of the process equipment, after the 
completion of the electroless or electroplating process to 
coat the superabrasive materials onto the surface of the 
forming tools, an organic siZe coating may be applied over 
the metal coating(s) and the superabrasive composites. 
Examples of organic siZe coatings include one or more of 
phenolic resins, epoxy resins, aminoplast resins, urethane 
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resins, acrylate resins isocyanurate resins, acrylated isocya 
nurate resins, urea-formaldehyde resins, acrylated epoxy 
resins, acrylated urethane resins or combinations thereof; 
and may be dried, thermally cured or cured by exposure to 
radiation, for example, ultraviolet light. 

Continuous Fiber Handling 

[0037] Glass ?ber, for example, is produced at, for 
example, about 2-5 km per minute. Gathering individual 
?bers into strand, applying siZing, and Winding at this speed 
causes considerable Wear on ?xed ?ber and strand position 
ing systems that, if not corrected, degrade the ?ber. Graph 
ite, phenolic composite, polished metal, and ceramic com 
ponents are refurbished or replaced as often as several times 
each day, consuming labor, production time, and Wasting e 
?ber. Guides and other components in subsequent chopping, 
roving, and yarn production steps also Wear in use. The total 
cost of this Wear approaches $1 million for a large continu 
ous ?ber plant. 

[0038] Continuous glass strands are generated by draWing 
molten glass from multiple bushings, attenuating the glass 
stream to draW it into ?ne ?bers, quenching the ?ber to an 
amorphous solid, applying protective siZing, gathering indi 
vidual ?bers into a multi?lament strand, and ?nally, With a 
traversing system, laying the strand uniformly across a 
rotating spool for subsequent drying and processing. The 
driven spool provides the force necessary to draW the ?ber 
and overcome friction in the siZing and guiding systems. 
Wear and contamination in the siZing and guiding systems 
can damage the siZing used to protect the surface of the ?ber, 
potentially degrading ?ber strength and in the extreme case 
interrupting production. To prevent this, guiding compo 
nents are continually cleaned, polished, and replaced before 
damage can occur. This controlled replacement interrupts 
production at least once per 8-hour shift, reducing produc 
tion and, of itself, generating scrap material. 

[0039] Non-limiting examples of this Wear include the 
folloWing: 
[0040] Sizing Applications: Once the ?ber has been 
quenched to an amorphous solid, siZing is applied by pulling 
individual ?bers across a ?xed surface, roller, or continuous 
belt saturated With the siZing compound. Broken ?bers and 
dried siZing cause Wear of the applicator. Wear grooves on 
the applicator contribute to non-uniform application of the 
siZing. 

[0041] Collection Combs: Once the siZing is transferred to 
protect individual ?bers, they a collected into a multi 
?lament strand by roller guides or, most commonly, by 
stationary combs. Combs are made of phenolic composites 
or graphite and Wear rapidly in service. A typical geometry 
is illustrated in FIG. 1. Fibers are gathered in the circular 
holes, 10-20, betWeen the “teeth”, 22-34, of the comb, 36. 
Holes 10-20 Wear in service and combs, i.e., comb 36, must 
be reWorked to a regular, smooth geometry. 

[0042] The combs must be chemically inert to the glass 
and siZing, easily cleaned or not Wetted by the siZing 
solution, strong enough to resist handling, suf?ciently high 
thermal conductivity to dissipate frictional heating, electri 
cally conductive to dissipate static charges, and easily re 
machined. A loW coef?cient of sliding friction is needed to 
minimiZe system forces acting on the strand. Neither graph 
ite nor phenolic composites present optimum solutions. 
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[0043] Fiber Winding: Glass strands must be uniformly 
laid onto spools to facilitate drying and high speed unWind 
ing for subsequent operations. Traversing guides place the 
strands at a slight angle on the spool body. TWo rotary 
traversing systems are commonly used. In the ?rst, a soft 
brass Wire is used to form tWo opposite, helical guides 
around a central shaft. Shaft rotation drives the strand 
laterally back and forth across the rotating spool. The brass 
alloy Wires must be maintained in a highly polished state to 
prevent ?b r damage. The second design is illustrated in 
FIG. 2 and comprises a cylindrical Wear surface, 38, of a 
spool, 40, on Which the strand, 42, rides mounted on a 
rotating shaft, 44. The rotation causes strand 42 to translate 
laterally With respect to the shaft axis of spool 40. Surface 
38 commonly is coated With a ?ne-grained ceramic to resist 
Wear. This coating must possess the same characteristics as 
the brass Wire assembly. 

[0044] Neither of these spool designs provides long ser 
vice life and spools are replaced regularly along With the 
combs. 

[0045] In this embodiment of the present invention, then, 
the Wear surfaces of, inter alia, glass ?ber processing equip 
ment are coated With the metal matrix composite ?lled With 
abrasive particles. The same process as described above 
(e.g., electrolytic or electroless) is used in the same manner 
as described in greater detail for the forming equipment. 

[0046] Other synthetic ?bers and inorganic ?bers can be 
processed or handled With similar equipment to the continu 
ous glass ?ber equipment discussed above and are Within the 
precepts of the present invention. 

[0047] Additionally, sheets made from such inorganic and 
synthetic ?bers are handled by equipment that also has Wear 
surfaces subject to abrasion, corrosion, and/or erosion 
caused by the relative movement of the sheet and a Wear 
surface. Such Wear surfaces may be components of the 
process equipment that are unintended Wear surfaces and 
often are components that are merely conveying the Web or 
sheet from one location to another location. 

[0048] While the invention has been described With ref 
erence to preferred embodiments, those skilled in the art Will 
understand that various changes may be made and equiva 
lents may be substituted for elements thereof Without depart 
ing from the scope of the invention. In addition, many 
modi?cations may be made to adapt a particular situation or 
material to the teachings of the invention Without departing 
from the essential scope thereof. Therefore, it is intended 
that the invention not be limited to the particular embodi 
ment disclosed as the best mode contemplated for carrying 
out this invention, but that the invention Will include all 
embodiments falling Within the scope of the appended 
claims. The folloWing example shoWs hoW the present 
invention has been practiced, but should not be construed as 
limiting. In this application all units are in the metric system 
and all amounts and percentages are by Weight, unless 
otherWise expressly indicated. Also, all citations referred 
herein are expressly incorporated herein by reference. 

EXAMPLE 

[0049] A Sliding Wear Test is the study of friction and 
Wear behavior of tWo interacting, solid surfaces in relative 
motion. Different material pairs, under different contact 
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conditions, can be studied using this test. The instrument 
used is high temperature tribometer from CSM Instruments 
SA. The temperature capability for the instrument is 8000 C., 
and has a pin-on-disc con?guration. This test Was chosen to 
demonstrate the advantageous Wear protection offered by the 
inventive process equipment Wear surfaces to solids that 
move across such Wear surfaces, such as, for example, 
continuous synthetic and inorganic ?ber, and sheets. 

[0050] The instrument has a sample holder, Where a 55 
mm diameter disc (coated or uncoated), With a height of 
5-10 mm, can be mounted and screWed to the instrument. 
The other contact material (i.e., counterpart, such as, for 
example, a continuous ?ber) can be a pin (cylinder, 6 mm 
diameter, 10 mm height) or a ball (6 mm diameter). The disc 
can be rotated at a speed of 0-500 rpm, While the pin is 
stationary. The pin holder holds the pin tightly at the bottom, 
against the disc. The pin is loaded With a load of 1-10N. The 
radius of the track on the disc can be anyWhere betWeen 
10-20 mm. A trace of friction coef?cient against time and 
sliding distance, for a certain material combination, can be 
obtained through the computer interface. The Wear loss of 
disc and pin is obtained by measuring the Weight, before and 
after the test. The samples are ultrasonically cleaned in 
acetone before the Weight measurements are done. 

[0051] The folloWing coating procedure Was used to coat 
the disc: 

1. Pretreatment Steps for Activating Metal Surface for 
Nickel Plating: 

[0052] (a) As generally described in Metals Handbook, 
Ninth Edition, “Selection of Cleaning Process”, pp. 
3-32, American Society for Metals, 1982. 

2. Plating Process: 

[0053] (b) As generally described in Metals Handbook, 
Ninth Edition, “Electroless Nickel”, pp. 219-223, 
American Society for Metals, 1982; or Sheela, et. al., 
“Diamond-Dispersed Electroless Nickel Coatings, 
”Metal Finishing, 2002. The nickel bath generally 
comprised: 

[0054] (i) 6 volume percent nickel sulfate solution 
containing 26 g/L nickel. 

[0055] (ii) 15 volume percent sodium hypophosphate 
solution containing 24 g/L hypophosphate. 

[0056] (iii) 74 volume percent de-ioniZed Water. 

[0057] (NOTE: The Ni concentration of the bath is 
maintained at about 5.4-6.3 g/L throughout the 
operation.) 

[0058] (c) Heat nickel bath to approximately 1900 F. 
(87°-88° c.). 

[0059] (d) 5 grams per liter of 1-3 micron monocrys 
talline diamond poWder and pre-disperse in 5 volume 
percent de-ioniZed Water (5 volume percent of nickel 
bath). 

[0060] (e) Attach disc to rotating racking system and 
submerge in solution. 

[0061] (f) Begin rotating parts sloWly (approx. 0.5-2 
rpm) and add diamond slurry. 
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[0062] (g) Every ?fteen minutes, replenish the bath as 
follows: 

[0063] (i) 0.6 volume percent nickel sulfate 

[0064] (ii) 0.6 volume percent pH modi?er 

[0065] (h) Run plating process long enough for 30 
minutes until desired thickness of 10 microns is 
obtained. (This process generally shoWs a plating rate 
of about 20 to 25 microns per hour). 

[0066] (i) When approaching desired stopping point, 
alloW the bath to “plate out” by eliminating the last 
replenishment. 

[0067] (j) Remove plated part from solution and rinse 
With Water. Wipe dry to eliminate Watermarks. 

[0068] (1) Remove stop-olf used for masking the mold. 

4. Heat Treating: 

[0069] Place coated part into furnace and heat to 300 to 
3500 C. for 1 to 2 hours in air atmosphere. 

[0070] The coatings Were tested at room temperature, 
under dry conditions against standard reference materials 
(pins) made from stainless steel 304, high strength loW alloy 
steel 4340, and bearing steel 52100. The tWo important 
outputs from pin-on-disc test are: coe?icient of friction and 
Wear loss. A load of 10 N and 0.5 m/s sliding velocity Was 
considered the optimum test condition, and has been used 
for all the tests in this study. Each test represents 2000 
meters of sliding Wear or approximately 66 minutes of Wear 
time. The Wear loss data for these tests are displayed in Table 
1 and in FIG. 3. 

TABLE 1 

Disk Surface Material 

Pin Material NiiP Inventive NiiP 

Stainless Steel 304 2.77 X 10*5 1.51 X 10*5 
HSLA 4340 2.35 X 10*5 0.566 X 10*5 
Bearing Steel 52100 1.83 X 10*5 0.254 X 10*5 

[0071] These data shoW that the inventive Wear surfaces 
With monocrystalline diamond in the NiiP metal coating 
displayed much better Wear characteristics than 5 the NiiP 
metal coating Without monocrystalline diamond. For Stain 
less Steel 304, the inventive Wear surface exhibited a reduc 
tion in friction of over 45%. For both HSLA 4340 and 
Bearing Steel 52100, the inventive Wear surface exhibited a 
reduction in friction of over an order or magnitude. This is 
especially evident in FIG. 3 Which graphically displays the 
data reported in Table 1. 

1-42. (canceled) 
43. Process equipment, comprising: 

a continuous ?ber Wear surface having a composite coat 
ing, Wherein the composite coating comprises a metal 
and superabrasive particles. 

44. The process equipment of claim 43, Wherein the 
continuous ?ber Wear surface comprises a surface that, When 
used, is subject to abrasion, corrosion or erosion by the 
processing of a continuous ?ber or sheet. 
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45. The process equipment of claim 43, Wherein: 

the composite coating comprises betWeen about 5 and 
about 80 volume-percent superabrasive particles; 

the average particle siZe of the superabrasive particles 
ranges from about 0.1 to about 50 microns; 

the metal comprises nickel, nickel alloys, silver, a silver 
alloy, tungsten, a tungsten alloy, iron, an iron alloy, 
aluminum, an aluminum alloy, titanium, a titanium 
alloy, copper, a copper alloy, chromium, a chromium 
alloy, tin, a tin alloy, cobalt, a cobalt alloy, Zinc, a Zinc 
alloy, a transition metal, or a transition metal alloy; and 

the coating has a thickness from about 0.5 to about 1000 
microns. 

46. The process equipment of claim 43, Wherein the 
coating further comprises nickel, a nickel alloy, silver, a 
silver alloy, tungsten, a tungsten alloy, boron, tantalum, 
stainless steel, chromium, molybdenum, vanadium, Zirco 
nium, titanium, tungsten, a ceramic, a glass, talcum, a 
plastic, a metal graphite, a metal oxide, a metal silicide, a 
metal carbonate, a metal carbide, a metal sul?de, a metal 
phosphate, a metal boride, a metal silicate, a metal oxylate, 
a metal nitride, or a metal ?uoride. 

47. The process equipment of claim 46, Wherein the 
coating further comprises hexagonal boron nitride (hBN), 
SiC, Si3N4, WC, TiC, CrC, B4C, or A1203. 

48. The process equipment of claim 43, Wherein the 
coating is overcoated With an organic coating comprising a 
phenolic resin, epoxy resin, aminoplast resin, urethane resin, 
acrylate resin, isocyanurate resin, acrylated isocyanurate 
resin, urea-formaldehyde resin, acrylated epoxy resin, or 
acrylated urethane resin. 

49. The process equipment of claim 43, Wherein the Wear 
surface is that of a ?ber siZing surface. 

50. The process equipment of claim 43, Wherein the Wear 
surface is a that of a collection comb. 

51. The process equipment of claim 43, Wherein the Wear 
surface is that of a ?ber Winding spool. 

52. A method of producing process equipment, compris 
1ng: 

applying to a continuous ?ber Wear surface a composite 
coating that comprises a metal and superabrasive par 
ticles. 

53. The method of claim 52, Wherein the Wear surface is 
that of a ?ber siZing surface. 

54. The method of claim 52, Wherein the Wear surface is 
that of a collection comb. 

55. The method of claim 52, Wherein the Wear surface is 
that of a ?ber Winding spool. 

56. The method of claim 52, Wherein the applying com 
prises: 

depositing, via an electroplating process, metal onto the 
Wear surface until a desired thickness is achieved; and 

introducing superabrasive particles into a plating bath of 
the electroplating process, Wherein the superabrasive 
particles comprise about 5% to about 30% by volume 
of the plating bath. 

57. The method of claim 56, further comprising applying 
an organic siZe coating over the composite coating. 
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58. The method of claim 52, wherein the applying com 
prises: 

submerging the Wear surface in a stable electroless bath 
comprising a metal salt, al electroless reducing agent, a 
complexing agent, an electroless plating stabilizer, and 
superabrasive particulates; and 

maintaining the superabrasive particulates in suspension 
in the bath for a time su?icient to produce the com 
posite coating at a desired thickness on the Wear 
surface. 
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59. The method of claim 58, further comprising applying 
an organic coating over the composite coating, Wherein the 
organic coating comprises a phenolic resin, epoxy resin, 
aminoplast resin, urethane resin, acrylate resin, isocyanurate 
resin, acrylated isocyanurate resin, urea-formaldehyde resin, 
acrylated epoxy resin, or acrylated urethane resin. 

60. The method claim 58, Wherein the bath further com 
prises ceramics, glass, talcum, plastic, graphite, oxides, 
silicides, carbonates, carbides, sul?des, phosphates, borides, 
silicates, oxylates, nitrides, ?uorides, metal or an alloy. 

* * * * * 


